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(54) HIGH ELECTRON MOBILITY TRANSISTOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high electron 
mobility transistor(HEMT) of GaN compound 
semiconductor where a high voltage can be applied. 
SOLUTION: A laminated structure A is composed of an 
l-type semiconductor layer 3 and an N-type 
semiconductor layer 4 laminated in this sequence on a 
semi-insulating substrate 1, wherein the semiconductor 
layers are all formed of GaN compound semiconductor. 
A gate electrode G is provided in the N-type 
semiconductor layer 4 through the intermediary of a P- 
type semiconductor layer 5 of GaN compound 
semiconductor, a source electrode S and a drain 
electrode D are provided direct onto the N-type 
semiconductor layer 4, and the P-type semiconductor 

layer 5 is a single-layer structure of P-type GaN layer or P-type InGaN layer or a two-layered 
structure composed of a P-type GaN layer and a P-type InGaN layer. 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not rcHecl the original 
precisely. 

2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

technical field to M invention belongs] It is related .^ith HEMT of the new ^™ -hich ^ 
operate under high-voltage impression still in detail about the high mobility transistor (HEM I ) which 
consists of GaN system compound semiconductor of this invention. 

[Description of the Prior Aril MEMT is expected as a material of for example a high power microwave 
element, and usually is manufactured at present using GaAs system compound semiconductor. For 
examp the thing of the structure where the source electrode and the drain electrode w^re loaded on 1-x 
ayeTs of he n type QaAlxAs, and the gate electrode was loaded through the p type GaAs layer further 
for example is known by forming an i type GaAs layer and 1 -x layers of n type GaAlxAses one by one 

[oVoSSfrTyS^^^^^^^^^^ at the time of x= 0.25 is seen in HEMT of this structure^the hetero 
Euc on (del ale) in the heteroj unction interface of 0.75 layers of n mold GaA10.25Ases and an i 
Wp?GaAs layer is about 0.26eV, and is in the status that a two-dimensional electron gas layer ,s formed 
Tthe cone rned junction interface, in the thermal equilibrium state^And by impressing the reverse-bias 
loltage of a predetermined value between a source electrode and a drain electrode, and impressing a 
forward bias voltage between a source electrode and a gate electrode From the 1-x ayers of the 
afoZen ioned n type GaAlxAses, an electron is supplied to the i type GaAs layer located in the bottom 
of itThe upplied electron forms a two-dimensional electron gas layer by the aforementioned junction 
interface an electron flows to a drain electrode in the status that it was shut up in the gas reservx„r. at 
.A high speed, and HEMT operation is realized. In this case, since the electron to a gas reservoir shuts up 
■ '\ and an effect increases, a two-dimensional electron becomes easy to realize a fast turn around, so that 
the field strength in directly under [ofa gate voltage] IS strong. . ic :,hn„t 

0004] However, in GaAs system HEMT, the discontinuous band in a heterojunction interlace s about 
at the time of x= 0.25) 0.26eV. and since the dielectric-breakdown electric-hcld value is about 
3xl05v/em it has difficulty bv impressing the high voltage to a gate electrode and forming the high 
etoricSd directly under it in that a fast turn around is realized. The trial production research of 
fIeMT using GaN system compound semiconductor is recently performed tor the purpose of coping 

SsTa^iXo Lrtruction [ in / in this / the heterojunction interface with GaN.as GaAlxN 1 -x 1 
A SaEc) t about 0.67eV. cLpa^ whhjhe:case pfGaAs system. itj.as about 2^ times aaia^^^^^ 
* discontinuous band, and the dielectrLc-keakdown clectricjAeldvalue is ^''•O^vA^,'"; » '^^^X'fJ^^ 
the elecl^^^iTrnto a two-dimensional electron gas layer can shut up since it is arge 1 figure, an ct^U can 
be raised and concentration of electrons can be theoretically enlarged about 10 Imics compared with 
GaAs .system compared with the case of GaAs system. ^.,^,.^M^ ,i a r.. 

[0006] As this GaN system HEMT.Jbllowings arc manufactured using the MOL VD method, for 
example. That is. AIN buffer layer is first'formcd on the silicon on sapphire of half-insulation. 
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Subsequently, as a source of Ga, an i type GaN layer is formed on the aforementioned AIN buffer layer, 
using ammonia as trimethylgallium and a source of N, and an n type AlGaN layer is formed on the 
aforementioned i type GaN layer, using a trimethylaluminum as the source of aluminum further. And 
after performing the phot lithography and etching of a conventional method to this n type AlGaN layer, 
a gate electrode, a source electrode, and a drain electrode are loaded in a predetermined part. 
[0007] In this GaN system HEMT, a two-dimensional electron gas layer is formed in the heteroj unction 
interface of an i type GaN layer and an n type AlGaN layer, and a concrete target at the best layer of an i 
type GaN layer, an electron carries out the high-speed move of here, and HEMT operation is realized. In 
order to realize electronic high mobility at this time, it is required for this i type GaN layer for neither 
the impurity nor the crystal defect to exist as much as possible. 
[0008J 

[Problem(s) to be Solved by the Invention] However, although in the above-mentioned GaN system 
HEMT impression of a high vohage is possible if compared with GaAs system HEMT, it is hard to call 
it what demonstrates not necessarily sufficient electron mobility to the status of these days that the 
further fast turn around is demanded, this invention solves the above-mentioned problem in the 
conventional GaN system HEMT, and aims at offer of GaN system HEMT of new structure equipped 
with the high pressure resistance. 
[0009] 

[Means for Solving the Problem] in order to attain the above-mentioned purpose, it sets to this 
invention. The laminated structure which carries out the laminating of a i-type-semiconductor layer and 
the n-type-semiconductor layer in this sequence, and changes on a half-insulation substrate is formed. A 
gate electrode is loaded through the p type semiconductor layer which each of each aforementioned 
semiconductor layers consists of GaN system compound semiconductor, and consists of GaN system 
compound semiconductor on the aforementioned n-type-semiconductor layer. Moreover, the high 
mobility transistor characterized by loading the direct source electrode and the drain electrode on the 
aforementioned n-type-semiconductor layer, respectively. Especially, the high mobility transistor whose 
aforementioned p type semiconductor layer is one layer structure of a p type GaN layer or a p type 
InGaN layer or the two-layer structure of carrying out the laminating of the p type InGaN layer to a p 
type GaN layer, and growing into it is offered. 
[0010] 

[Embodiments of the Invention] Hereafter, based on the draw ing 1 showing the basic structure, it 
explains in detail about HEMT of this invention. HEMT of this invention has the structure w here 
laminated-structure A which consists of the buffer layer 2. the i-type-semiconductor layer 3. and the n- 
type-semiconductor layer 4 was formed, and gate electrode G was loaded through the p type 
semiconductor layer 6 on the n-type-scmiconductor layer 4, and source electrode S and drain electrode 
D were loaded on the half-insulation substrate 1, respectively. 

[001 1] This HEMT is manufactured by forming the semiconductor layer of predetermined composition 
on the half-insulation substrate 1 by applying well-known epitaxial grown methods, such as the 
MOCVD method and the MOMBE method, to GaN system compound semiconductor. Here, although it 
is originally desirable to consist of the material which is carrying out grid matching as a half-insulation 
substrate 1 between each semiconductor layer which forms membranes on this, since such a material 
does not exist about GaN system, what is necessary is just the substrate of half-insulation materials, such 
as the material currently used from the former, for example, sapphire, and Si single crystal. Moreover, 
GaN layer is chosen as a buffer layer 2. 

[0012] As a GaN system compound semiconductor which constitutes the i-type-semiconductor layer 3, i 
type GaN. i type InGaN, etc. can be raised, for example. Especially i type GaN is suitable. Moreover. i\' 
it is smaller than that of high grade i type GaN which band-gap energy described above or is equivalent, 
i type InxGal-x-yAlyN {however, 0< x<l. 0< y<0.2) can also be used as a i-type-semiconductor layer 3, 

[0013] As a_GaN system compound semiconductor which constitutes the n-type-semiconductor Ia\ cr 4. 
n type AlGaN, n type GaN, etc. can be raised, for example. Among these. n typc AKiaN is suitable. , 
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Moreo ver, if ban d-^ap energ>MS smaHer than that of the above-mentioned n type AlGaN or is _ 
equivalent, n type InuGal -u-vAlvN (however, 0< u<l, 0< v<0.5) can also be used as a i>type- 
semiconductor layer. 

>(0014J As an n type dopant used for membrane formation of this n-type-semiconductor layer 4. metal Si 
and a disilane can be raised, for example (when forming membranes by the MOCVD method), (when 
forming membranes by the MBE method) When it considers loading direct source electrode S and drain 
electrode D on this n-type-semiconductor layer 4, in order to make an ohmic contact realize among both, 
it is desirable to set up dopant concentration so that it may become low resistance as much as possible. 
For example, when n type dopant is Si, it is made about [ 5x1017 to 5x1 01 8cm - ] three concentration. 
[0015) Next, as a GaN system compound semiconductor which constitutes the p type semiconductor 
layer 5, p type GaN and p type InGaN can be raised. It is suitable for this p type semiconductor layer 5 
to make it the two-layer structure of a p type GaN layer and a p type InGaN layer which carries out the 
laminating of the p type InGaN layer further, and changes on a p type GaN layer although you may 
consist of one layer, respectively. As a p type dopant when forming this p type semiconductor layer 5, 
metal Mg, magnesium cyclopentadienyl, etc. can be raised, for example (when forming membranes by 
the MOCVD method), (when forming membranes by the MBE method) Concentration of p type dopant 
at this time is made about [ 5x1017 to 5x101 8cm - ] into three. 

[0016] Ti [ Au and 1/aluminum etc. can be raised as a material which can finally raise Au / Pt, 
aluminum, etc. as a material which constitutes gate electrode G. and constitutes gate electrode G. As for 
IIEMT of this structure, the bottom of gate electrode G has pn junction structure. And if voltage 
impression is performed from gate electrode G, specifically, tw^o-dimensional electron gas layer 3a is 
formed in the best layer of the i-type-semiconductor layer 3, and the heterojunction interface of the n- 
type-semiconductor layer 4 and the i-type-semiconductor layer 3 and the electron supplied there from 
the n-type-semiconductor layer 4 will be shut up, it will flow to drain electrode D at high speed, and 
HEMT operation will be realized. 

[0017] In this case, since it is enabled for a voltage to be controlled by little carrier injection by work of 
the pn junction directly under gate electrode G, and to control the current which flow s betw een channels 
by the controlled voltage, it is enabled to control the aforementioned two-dimensional electron gas layer 
3a by the high voltage, and the electron to tw^o-dimensional electron gas layer 3a shuts up. it is high 
ineffective and an electronic high-speed move is attained. 

[0018] When it has the two-layer structure of p type GaN and p type InGaN which the p type 
semiconductor layer 5 described above especially, this laminated structure functions as one sort of 
quantum well structures, as a result, the tunnel current by the quantum effect comes to flow, and since a 
gate current becomes easy to flow, it is suitable. 
[0019] 

[Example] IIEMl^ of the laminated structure shown in drawing 1 was manul'actured as follows by the 
MOMBE method. First, as a source of Ga. as metal Ga (5xI0-7Torr) and a source of N, 
dimethylhydrazine (5xlO-5Torr) was used, it grew epitaxially at the growth temperature of 640 degrees 
C, and GaN buffer layer 2 of thickness 50** was formed on Si single crystal substrate I of half- 
insulation. 

[0020] Subsequently, the source of N was switched to ammonia {5xlO-5Torr). it grew epitaxially by 
having gone up growth temperature at 850 degrees C, and the i type GaN layer 3 of thickness 5000** 
was formed. In addition, the carrier concentration at this time set up membrane formation conditions so 
that it might become three or less [ 5x1 01 6cm - ]. 

[0021] Subsequently, metal aluminum (2xl0-7Torr) was supplied, and metal Si (2xlO-9Torr) was 
supplied as an n type dopant, epitaxial growth was continued at the growth temperature of 850 degrees 
C. and thickness formed the n type AlGaN layer 4 of 500**. At this time, carrier concentration set up 
membrane formation conditions so that it might be set to 1x101 8cm-3. Subsequently, supply of metal Si 
was severed, as a p type dopant, metal Mg (5xlO-9Torr) was supplied, membrane formation operation 
w as continued, and the p type GaN layer 6 of thickness 500** was formed on the aforementioned n t\ pc 
AlGaN layer 4. At this time, carrier concentration set up membrane formation conditions so that it might 
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be set to lxlOi8cm-3. 

[0022] Subsequently, what plasma-ized the mixed gas of hydrogen, an argon, and methane was made 
into etchant, dry etching was performed, the etching ehmination of the p type GaN layers other than the 
part which should load a gate electrode was carried out, and the n type InGaN layer 4 was made to 
express. Then, the whole front face was covered, Si02 la\ er was formed by the plasma CVD method, 
after carrying out patterning by the photoresist, the fraction containing the part which should load a gate 
electrode was masked, opening of the part which should load a source electrode and a drain electrode 
was carried out, and it loaded source electrode S and drain electrode D by carrying out the vacuum 
evaporationo of the metal aluminum on the n type InGaN layer 4 expressed there. 
[0023] After having carried out the etching elimination of the last and the aforementioned masking, 
having carried out opening of the Si02 layer under it and masking the part of source electrode S and 
drain electrode G by Si02 layer, HEMT which carried out the vacuum evaporationo of the Au to the 
above-mentioned opening, loaded gate electrode G on the p type GaN layer 5, and was shown in 
drawing 1 was manufactured. As for this HEMT, HEMT property that a drain current (Ids) is saturated 
with 3V in the applied voltage from a gate voltage 60mA and more than drain voltage 2V was acquired. 
That is, even if these saturation characteristics raised Vds to lOOV, they maintained the constant value 
and did not lose the function as HEMT. 

[0024] The mobility of this HEMT structure under a room temperature is 600cm2/V and sec. and the 
mobilitv of 77K showed 7500cm2/V, and sec and a good value. 
[0025] ' 

[Effect of the Invention] Even if GaN system HEMT of this invention raises a gate electrode to V. it 
cannot cause failure and can carry out a fast turn around compared with the conventional GaN system 
HEMT, so that clearly [ in the above explanation ]. This is an effect which it brings that the two- 
dimensional electron gas layer in which between a gate electrode and channel layers is made into pn 
junction structure, an electron shuts up in the junction interface of a i-type-semiconduclor layer and a n- 
type-semiconductor layer, and the effect is excellent was formed. 
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